Influence of the extracellular matrix on the regulation of cardiac fibroblast behavior by mechanical stretch.
Fibroblasts are responsible in large part for production, organization, and turnover of the extracellular matrix (ECM), thereby regulating the fibrotic content of the heart. Excessive fibrosis, which has been associated with certain forms of hemodynamic overload such as hypertension, is thought to result in increased ventricular chamber stiffness, and eventual heart failure. As such, the role of mechanical stretch in regulating fibroblast activity is crucial to our understanding of healthy and diseased hearts. However, little is known about the effects of alterations in the composition of the ECM in regulating mechanotransduction in cardiac fibroblasts. In order to address this question, rat cardiac fibroblasts were cultured on silastic membranes coated with different ECM substrates, and cyclically stretched for various durations. Experiments were designed to assess the activation of signaling pathways, as well as changes in collagen production, cellular proliferation, and morphology. Mitogen activated protein kinase (MAP kinase) was most rapidly activated, and collagen I expression was most abundant, in cells stretched on randomly organized collagen, and uncoated charged membranes. Regardless of the nature of the ECM substrate, stretched cells decreased proliferation, however, this effect was most marked in cells stretched on randomly organized collagen. Finally, cells stretched on all ECM substrates increased their surface area, but this was observed most significantly in cells adherent to aligned collagen, randomly organized collagen, and uncoated, charged membranes. Taken together, these results suggest cardiac fibroblasts may differentially interpret a mechanical stimulus, in terms of both signal transduction, and specific long-term events such as gene transcription, based on the composition and organization of the ECM.